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Metbod 

f 

This inyeatioii relates to a novel metiiod of magaetically inamptilatmg cells in vivo 
* and to meUiods of treatment l elated ftereto. 

5 

It is well established in pharmacology lhat conmrunication, e.g. betvsreen cdls, is 
governed by ion channels within the cells.. A wide variety of such channels ejdst, for 
example potassium, calcium and sodium chamels. Phannaceutically active chemical 
compounds are often used to block such channels lesulting in a phannacological 
10 effect. For example, cadcium antagonists aie known to be active on the 
caidiovasculai system, for example by reducing the magnitude of the calcium cunmt 
in the sino -atrial and atrio ventricular nodes. An impoitant aspect of ion channel 
conttol is deteamining when the channel opens (gating) 

15 Ion channels generally possess ionic selectivity which is an extremely important 
aspect of the channers fimctional properties. Channels are generally characterised by 
their ionic selectivity, for example 

• sodium channel 

• potassium channel 
■ 20 • calcium channel 

• chloride channel 

• non-selective cation channel. 

Ion channels are large integral membrane proteins that form pores through a cellulai- 
,25 plasma membrane 'allowing ions toc^oss by flowing down an electrochemical 
gradient through fte channels (passive transpoit). The core of the pore is gener aUy 
hydrophilic, and contains a part of the protein which recognises only certain ions thus 
acting as a selectivity filter. Gates in the channel can open in response to a variety of 
stimuli, including changes* in membrane potential, mechanical activation or the 
30 presence of certain chemicals outside or inside flie celL More than 50 types of ion 
channels have been identified. 
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Ca chanaels, like Na channels, aie voltage-gated, open when the internal voltage 
becomes more positive than the resting potential, and inactivate, oi' close, 
spontaneously even though the voltage stimulus is maintained. Ca channels are 
5 effective in the axon terminals of neurons, and in invertebiate muscle, veitebiate 
smootti muscle, and participate with Na channels in vatebrafce cardiac muscle. Ca++ 
channels participate in action potratials when you need to get Ca++ into the cell to 
do something, such as make cardiac muscle contract, or release neurottansmitter at 
the axon tenninal.. 

10 

Na channels are almost all voltage-gated, that is, their gates open in lesponse to 
changes in membrane potential, usually wh^ the inside of the cell b^omes more 
positive. Most Na channels are closed, oi' inactivate, spontaneously in a few 
milliseconds even though the membiane potential lemains at flie level which opened 
15 ihem. Na channels are found iu neurons, vertebiate skeletal muscle, and cardiac 

muscle. Na serves to let chaige into the cell; the Na itself doesn't do anything 

chemically. 

Potassium channels, like Na chimels, tend to be voltage-gated and to open when the 
20 inside of flie cells becomes more positive. They mostly open at voltz^e more positive 
than Na or Ca channels, and most of them stay open as long as the voltage stays 
positive. Since the Netnst potential fisr K is near -80mV, opening K channels at 
voltages neat' +20mV lets K out and makes the intemal voltage more negative- This 
in turn closes the K channels. This is how the action potential repolaiises, oi letums 
25 to resting potential. There are also K channels diat are not voltage-gated. These are 
open at the zesting potential, and in fact set the r esting potential- 

US Patent No, 6,548,264 desciibes sihca coated nanoparticles which comprise a 
magnetic metal core- The magnetic core present in the particles enables the paiticles 
30 to be lesponsive to a magnetic field and therefore, the particles aie suitable for use in 
diagnostic, imaging and recording systems. However, tihe nanoparticles of the prior 
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ait may suffer from the disadvantage that ihoy do not define the method of actiyation 
ataceJInlai- levreL 

Magnetic bead twisting cytometcy has been used to define the mecha33ical prop^es 
5 of single cells and to demonstrate that external mechanical forces can be transmitted 
across the cell surface and through the cytoskeletoB via transmembrane cell adhesion 
molecules such as integiins, see, for example, Wang, N and IhgbQ:gQr, DB (1995) 
Probing transmembrane niechanical couplmg and cytomechanics using magnetic 
twisting cytometry. ^fccAcTw Cell BioL 73: 327-335. 

10 

We have now found a method of selectively activating cells which enables the cells 
to then be manipulated mechanically in a remote manner, e..g. fiom outside the body. 

• Thus according to the invention we provide a method of magnetically manipulating a 
1 5 cell in vivo which comprises the association of a magnetisable paiticle with a cell. 

The method may comprise, ex vivo manipulation of an m vivo process. Fmfheimore, 
it will be imdeistood by the skilled man that a reference to a cell shall be construed to 
include a plurality of cells. 

20 

More particularly, the invention provides a method of agonising or antagonising ion 
channels within a cell which comprises the association of a magnetisable particle 
with a cell as hereinbefore described. 

25 According to a further aspect of the invention we provide a method of magnetically 
'manipulating a cell which comprises flae association of a magnetisable particle with a 
cell characterised in that tlie method comprises agonising or antagonising ion 
channels within a cell by the association of a magnetisable particle with a cell, 

30 .lii this aspect of the invention the magnetisable particle may be associated directly 
witb the cell- Alternatively, the method may comprise associating the magnetisable 
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particle with, an antibody, enzjme, etc., which, is subsequently associated with the 
celL 

The associalion of a magnetisable particle with a cell may comprise the intcoductiorL 
5 of such a particle into a cell, the attachment of such a particle to a cell, e.g.. externally 
or internally to a cell, or any combination fha:eof Thus, the magnetisable particles 
maybe associated intracellularly or extracellularly or a combination of intracellularly 
and extraceUulaiJy, However, in aprefeiied aspect of the iuvention the particles are 
associated intracellularly. 

Wbsa the method of the invention comprises intiaceUulai* association this will 
comprise association with an iateanal binding site. By way of example only, for 
TREK-I, the particle(s) may be associated with the N-tOTninus region of the ion 
channel. Alternatively, the particleCs) may be associated with the COOH teiminns 
15 region of the ion channel It will be ^pieciated by . one skilled in the art that 
numerous ion chamels and binding sites may be utilised in the method of the 
invention. Thus, internal buidiog sites which conespond to the N-tontninus region of 
Hie ion channel, as seen in TREC-lor ^ch con-esponds to the COOH temiinus 
l egion of the ion channel, as seen m TRBK-1 may be utilised as well as other binding 
20 sites known per 

Thus, we also provide a method of madpulating a mechanosensitive ion chamiel 
characterised in that the method comprises the association of a magnetisable particle 
wifli an ion channel, either directly or indirectly 

25 

The method of the invention may comprise the manipulation of mammalian cells or 
other ceU types, such as bacterial cells, plant cells, etc. However, it will be 
understood by the skilled man that the method of the present invoition may be used 
to manq)ulat6 other cell types not mentioned herein. Fmthemiore, the mediod may 
30 be an in vitro method or an ^ vivo method, alftou^ an in vivo mefliod is prefened. 
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10 



PiefeimtiaUy* metbod of the inveatioii con^)iises the remote manipulation of 
cells and/or of agouising or aatagouising ion dkannels, e.g. maBq)ulatioii fiom 
outside tiie body., i.e. remote mechanical activation. 

The mefiiod of 1h© inventioii may be utilised in relation to a variety of cells which are 
knovra per se. However, prefeteafially, flie method is suitable for use with 
mammalian somatic ceUs, for example, bone, cartaage, muscle (skeletal and cardiac) 
lymphatic cells, eadocrine ceEs, urinary system cells, cells relating to the 
rq>roduction system, neuronal cells and tumom- cells.. 



Ihe- method of the invention may be utiUsed in connection with any conventionaUy 
knovra ion channels within the ceU which are hereinbefore described. The method is 
espedafly suited for use in mechaaoseasitive ion channels.. Such mechanossnsitive 
ion channels have been identified in many ceU types and have been predominantly 

15 described as calcium oi potassmm ion channels, affiiough it should be understood 
that the method of the invention is not limited to use in relation to calcium at 
potassium ion channels. By way of example only, one such channel which has beem 
well characterised at the molecular level and at the functional level in neuional cells 
is the chromosomal gene TREK-l, which is part of the 2P K+ channel femily 

20 rREK-1 channels, have been identified in bone cells, and are known to respond to . 
shear stress, ceU swelling and membrane stetch as weU as other external agents such 
as fe.tty acids and general anaesthetics. 

A particulai aspect of the present invention is to provide a method of ' manipulating 
25 mechanosensitive ion channels.. 

Ihese "mechanosensitive" ion channels are piesait in a variety of mammalian, e.g. 
human, and bacterial cells and the presort invoition arables flie cells to be selectively 
activated in the bo^ and/or ha cell cultures, see, for example, Sokabe, M, F Sachs, A 
30 Tmg (1991) Quantitative video microscopy of patch clanqied membranes: Stress, 
strain, c^acitance, and stretch channel activation. Biophys J. 59: 722-728; Stewart, 
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Z, B Martinac and J Dobsoa (2000) EvideEce for meclianosensitive transmembiane 
ion channels of small conductance in magaetotactic bacteria. Electro- and 
MagnetobioL 19: 81-89. As these chaimels are insttumental in normal cellulaz* 
iiinction and play a particularly izzrpoitant role in, for cxm^l^, tbe pxodnction of 
5 bone and connective tissue or activation of tiie perfpheial nervous system, the ability 
to manipulate tbem lemotely, e.g. from outside the body, is especially advantageous 
an provides applications in, inter alia, pain leKef, e.g- anaesthetics, fhersqpeutics, 
tissue eagineering and repair- and cancer therapy, 



10.. In a fbitiiei aspect of the inveutiou the method may also be suitable for use with 
conventionally nou mechanbsensitive cells and/or ion chaimels by tiie tiansfection of 
. chaimels into cells which may otherwise be otherwise non-iesponsive, 

All ion channels opea and close (1.6. change conformational state) in response to 
IS forces and this is the princ^^le behind ion channel activation, hi the case of 
mechanosensitive ion channels, the force results in membrane deformation, 
triggOTng the opening of the channel. Voltage-gated and ligand-gated ion channels 
are also '^mechanoresponsive" in that fliey respond to mechanical stresses on the ion 
channel geaeiated by coulomb forces (in the case of voltage-gated channels) and 
20 binding foices (in the case of ligand -gated channels) . As such, all ion channels can be 
activated by the method described herein provided that the magnetisable particle is 
coiqjled, eithei' dir ectly oi- indirectly, to the mechanoresponsive region of the channel 
protein. 

25 Thus, in one aspect of the present invention tiie ion channel is a voltage-gated ion 
channel, alternatively, the ion channel is a ligand-gated ion channel. 

A wide variety of particles may be used in the m^od of the inventioiL The 
magnetisable particle used in the method of the invention may be inherently magnetic 
.30 or, alternatively, may be one wiiich reacts in a magnetic field. Generally, any 
magnetic material may be used, however, by the tton magnetic we mean, for 
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example, a material wiucli is paiamagaetio supeiparamagaetic, feiromagaetic aad/or 
antifmojoiagaetic, ^axnples of ^viddi inclxide dem^tal mm (Fe), or an compound, 
e.g.. an iron salt, such as, magnetite m^^emite (YFe203), and greigite 

(F^SaX ^ cbromixim compoimd, e.g. a chroadam salt, such as chromium oxide 
5 (CrOa), or any combination thereof Prefetably the magnefic material comprises 
particles, e g. nanoparticies, which comprises a miagnetic coze with a biocontpatible 
coating. Thus, such prefecred paiticles are nanopaiticles and especially nanoparticies 
having a core and, e.g. a silica shell enveloping the core. However, also porous 
particles with multiple magnetic centres withiu the pores. An example of such 
10 particles aie those nanopaiticles described m US Patent No.. 6,548,254 which is 
incbipoiated herein by refer ence. Thus, the prior art nanoparticies may have a mean 
size of less than 1 micron, each of said nanoparticies comprising (a) a core 
comprising a magnetisable particle and (b) a silica shell enveloping the core, wherein 
the magnetisable particle is a magnetic material as hereinbefore desaibed. 

15 

The micro- and nano- particles (intended to be attached to the cells) will generally be 
substantially spherical or elliptical. The size of the particles may vary according, 
inter alia, to the nature of the magnetisable material, the ^plication, etc.. However, 
ah example of particles may be nanoparticies can having a mean size, e.g. diameter, 
20 of 5000 rmi or less, e g from 1 nm to 5000 nm, preferably jOiom 1 imi to 1000 nm, 
more preferably fiom 1 run to 300 nm, or fiom 2 nm to 10 rmi) . 

The particles for attachment to the cells may be coated or uncoated and single oi' 
multi-domain. Examples of suitable particles include, but are not limited to: 

25 

(i) Coated magnetic microspheres (d = 4 fun) available fiom Spherotech, Inc. 
These microsphoes consist of a magnetically blocked core - coated by a 
polymer. 

30 (n) Single-domain, femte-doped sifica nanoparticies with tunable size (d = 50- 
300 imi} and nanow size distributioiL 
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In &e msliiod of tlie invention the ion channels may be activated by attaching the 
magnetisable particles as hsreinbefbie described to specific regions of the ceUulai 
membme and/or to specific ♦'receptors", on the ion channels themselves. Thus, the 
5 mechanical forces required to activale the channels can then be appHed ranotdy by a 
m^etic field acting on these magnetic particles. 

In particular the method of the invaition comprises modifying a magnetisable 
particle as hereinbefore desciibed by tagging the particle with one or more specific 

10 ■ antibodies or proteia binding motife which recognise key celMai elements within a 
■ : cell. These include hansmembiane adhesion molecules, such as integrins, cadherins, 
selectins, and immunoglobulins or dispersed membrane adhesion proteins such as 
RGD (arginiue-glycme-aspaitate), see, for example, . J. Chen, B . Fabry, E.. L, 
Schiffiin, and N, Wang (2001) Twisting integrin receptois increases endo&elin-l 

15 gene expression in endothelial cefls Am J Physiol Cell Physiol 280: 1475-84 ; A. R. 
Bansch. U. HeUerer. M. Essler, M. Aepfelbacher. and E. Sackmann (2001) Rapid 
stiffening of mtegrin receptor-actin linkages m endotheKal ceDs stimulated with 
thrombm: a magnetic bead micioiheology BbiiAY Biophys J 80: 2649-57 ; Cartmell, 
SH, J Dobson, S Verschufiren, A Bl (2002) Development of magnetic particle 

20 techniques for long-tenn culture of bone cells with intemiittait mechanical 
activation. IEEE Transactions on NanoBioscience 1: 92-97. 

The method of Ihe inventionis especially advantageous because it provides amethod 
of treatment of a vaiiety of disordeaa Indeed the invention provides a method of 
25 tieatmHit which is ^pUcable to any disorder in which one or more ion channels play 
a role. Jo. addition, the mvention provides a method for potential control of ion 
channel activation mcluding pain relief; e.g. an anaesthetic role. 

Ihns according to the invention vre provide a method of treatment of a patient 
30 suffeing fiom a disorder in which an ion channel plays a role which conq)iises the 
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admimstiation to such a patieot of magnetisable nanopaiticles as hordbibefore 
described and maDq)uIafing those particles iising a magnetic fields 

The method of treatm«Qt as hereinfaefote described should not be considered to be 
5 limited^ but it is especially advantageous in tissue and/or bone repair- The method of 
tteateent can be to faciKtate further treatment by providing a method of pain lelie^ 
e.g.. for localised anaesthesia, to taigeted regions of the body. 

The natuie of such cells may vaiy depending upon the nature of the tissue of intetest. 
10 For example, the cells may be Ugamentum cells for growing new ligaments, 
tenocytes for growing new tendoiL AJtemativelys the cells may be chondrocytes 
and/oi o&er stromal cells, such as chondiocyte progenitor ceEs.. 

Thus the mefliod of the invention may include the regmeralion of tissue oi the 
15 gesneration of aitificial tissue, such as skin, cartilage, ligamoit, tendon, muscle or 
bone. 

Alternatively the method may compiise wound healing and/oi tissue adhesion. 

20 In a pxeferred embodiment the method ma,y compiise bone lepaii and/or bone 
growth. 

.In a yet Aither alternative the method of the invention may include, for example, 
dental ^plications and/or veterinary apphcations, 

25 

the method also may be used as a mechanism for selectively tilling cells (such as 
tumoui" cells) in vivo. In this case, magnetisable particles are attached to the target 
cdl membrane or ion channel protein and a magnetic field is ^pHed to the in viva 
target region. The f^id, cyclic opening and closing (via the ^plication of a time 
30 varying magnetic field), and/or the holding open (via the application of a static 
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magaetic fiel^ of ion chamels in ftie cell memhraae allows ions (such as Ca**) to 
flood (ie cell, indncing osmotic shock and, conseqaenfly, cell death. 

Thus, according to fills aspect of the invraxdon we also provide a method of 
5 destroying cells or inhibiting cell growfli which comprises agonising or antagonising 
ion channels -wifhin a ceU which by the association of a niagnetisable particle with a 
celL 

The method may comprise a mefliod of inducing osmotic shock to a cell, e.g. by 
10 agonising or antagonising ion channels within a cell by the association of a . 
magnetisable particle with a ceU. The method is especially useful in the treatment or 
alleviation of a tumour cell, e.g a cancer cell. 

Thus, the method may con^oise the killmg of cdls by holding ion chamels open 
15 with a targeted static magnetic field. Alternatively, the method m^y oonqjrise the 
killing of cells via cyclically opening and closing ion channels with a targeted, time- 
yarying magnetic field. 

In the methods of the invention the magnetic field may be varied depending upon, 
20 inter alia, the nature of the disorder to be treated, but may be, for exanrple, at a 
frequency of from 0.1 to 10 Hz. But, frequencies outside this range can also be used. 
The magaetic field will typically have a flux density in the order of (but not limited 
to)10mTtol400mr 

25 In the method of the invention the magnetic field may be generated outside the body 
fi>r the case of in vivo applications, and may be provided by a permanent magnet or 
an eleclromagnet The magnetic field may be a constant or' a variable field, e.g. a 
peamanent magnet may be moved relative to the cells. In the case of an 
electromagnet a magnetic field may be generated by provision of ^propriate electric 

30 cunent levels to the electromagnetic, optionally, in combination with alternating 
current 
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According to a yet finflier aspect of tiie inventiQa we provide a mefliod of inducing a 
ther^eotic effect in a ceU yMch conqoises agonising or antagonising ion channels 
within the cell by tte association of a magnetisable particle with flie cell and 
magnetically manipulating fbs magndisable particle. 

in addition w© provide a meliiod of treatment vfidcb. compiises tie administration of 
a thaapeutically active agent which may be administeted simultaneously, sqpaiately 
or seqamtially with a magn^sable particle whilst agonising or antagonismg ion 
channels witiiia the celL 

We also provide a method of targeting a ther^eutically active agent to a cell which 
compiises agonising or antagonismg ion diannels within the cell by (he association 
of a magnetisable particle with the cell, magnetically manipulating the magnetisable 
particle aad simultaneously, separately or sequentially administering the 
therspeutically active agent. 

According to a yet ftnflier aspect of tie inventioa we also provide the use of a 
magnetisable particle m a method of magnetically manipulating cells in vivo 

The use may comprise ex vivo manipulation of an vivo process. More particularly, 
the invention provides the use of a ma^etisable particle in ttie manufixrfure of a 
system for magnetically manipulating a ceU which system compiises the association 
of a magnetisable particle widi a ceU and agonising or antagonising ion channels 
within flie cell- 

In tins aspect of the invention the magnetisable particle may be associated directly 
with the ceE Alternatively, the use may comprise associating the magnetisable 
particle with an antibody, en23m.e, etc.. which is subsequently associated with the 
ceU.. 
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Wheal the use of the mveatioii comprises intraceUulai" association. By way of 
exanaple only, for TREK-l, the particle(s) may be associated with the N-teradnus 
region of the ion chaimeL Attraiativefy, the paiticle(s) may be associated wifli the 
COOH tenninns region of ttie ion chanaeL 

5 

Tie use of the invention may comprise the manipulation of manmialian cells or other 
cell types, such as bacterial cells, plant cells, etc. The use maybe an in vitro use or an 
in vivo use, althougji an in vivo use is preferred. 

10 Pi^ferentially, the use of the invention comprises the remote manipulation of cells 
and/or of agonising or autagordsing ion channels, e..g. manipulation from outside the 
body, i.e.. remote mechanical activation 

The use of the invention may be utilised in relation to a vaiiety of cells, which axe 
15 known /?er se, Howev^, prefareatially, the use is suitable for use with mammaHan 
somatic cells, for example, bone, cartilage, muscle (skeletal and cardiac) lymphatic 
cdls, endocrine cells, uiinary system cells, cells relating to the reproduction system, 
neinonal cells and tumoxu* cells- 

20 The use of the mvention may be utilised in connection with any conventionally 
known ion channels within the cell, which is hereinbefore desciibed. Hie use is 
especially suited for use in mechanosensitive ion channels hereinbefore described. 

A paxticulai- aspect of the present inveation is to provide the use in the mannfecture 
25 of a system for manipulating mechanosensitive ion channels . 

In" a further aspect of the invention the use may also be suitable for use with 
conventionally non mechanosensitive cells and/or ion chamiels by tbe transfection of 
chaimels into cells which may othervrise be otherwise non-responsive. 
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ia one aspect of &e present invention the ion channel is a voltage-gated ion channel, 
altematrvely, the ion chaimel is a ligand- gated ion chaimeL 

A wide variety of particles may be used in the nse of tiie invention. Generally, any 
5 magnetisable material may be used, examples of which include elemental iron (Fe), 
or an iron compound, e..g. an iron salt, such as, magnetite (FesOO, magjiemite 
(yFe203), and greigite (Pe^S^), or a chromium compound, e g. a chromimn salt, such 
as, chromium oxide (C1O2), or any combruation thereof . Preferably the magnetic 
material comprises paiticles which comprises a magnetic core with a biocompatible 

10 coating^ Thus, such preferr ed particles are nanopaiticles and especially n^oparticles 
havmg a core and, e.g. a silica shell enveloping the core. However, also porous 
particles wilh multiple magnetic centres within the pores An example of such 
particles are those nanopaiticles described in US Patent No. 6,548,264 which is 
incorporatedhereinbyreferCTce. 

15 . 

In particular' the use of the invention corrrprises modifying a magnetisable particle as 
hereinbefore described by tagging the particle with one or more specific antibodies or 
protein binding motifs which recognise key cellular* elements within a cell. These 
include transmembrane adhesion molecules, such as integrins, cadherins, selectins, 
20 and immunoglobulins or dispersed membrane adhesion protems such: as RGD 
(aiginine-glycine-aspartate).. 

The use of the invention is especially advantageous because it provides a system 
suitable for use in the treatment of a variety of disorders. Indeed die invention 
25 provides the use in the manufacture of a medicament suitable for a tr eatment, which 
is sppficable to any disorder in which one or more ion channels play a role.. In 
addition^ the invention provides the use for potential contr ol of ion channel activation 
including pain reliei^ e .g, an anaesfihetic role. 

30 Thus, according to the invention we provide the use of a magnetisable particle in the 
manufacture of a medicament suitable for flie treatment of a patient suffering from a 
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disorder in whicli an ion channel plays a lole which compiises the admimstiation to 
sudi a patient of magaetisable particles as hearednbefore described and manipulatiDg 
those particles using a magnetic field. 

5 The use as hereinbefore described shoiild not be considered to be limited, hut it is 
especially advantageous in tissue and/or bone lepaii; The use can be to fecilitate 
further treatment by providing a method of pain relief e.g for localised anaesthesia, 
to targeted regions of the body. 

10 The nature of such cells may vary depending upon the nature of ttie tissue of interest 
For' example, the cells may be Ugamentum cells for growing new ligaments, 
tenoeytes for growing new tendon. Alternatively, the cells ma,y be chondrocytes 
and/or other stromal cells, such as chondiocytepr'ogenitor cells.. 

15 Thus, the use may include the regeneration of tissue or the generation of artificial 
tissue, such as glnri^ cartilage, ligameat^ tendon, muscle or bone.. 

Alternatively the use may coicprise wound healing and/or tissue adhesion. 

20 In a preferred embodiment the use may comprise bone repair and/or bone growth. 

In a yet further alternative the use of the invention may include, for example, dental 
applications and/or veterinary agoplications. 

25 The use also may be used as a mechanism for selectively killing cells (such as tumour 
cells) in vivo as hereinbefore described 

Thus, according to this aspect of the invention we also provide the use of a 
magnetisable particle in the manufecture of a systmi for destroying cells or inhibiting 
.30 cell growth which compiises agonising or antagonising ion channels within a cell 
which by the association of a magnetisable particle with a celL 
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Tte use may comprise use in a mefhod of mdmog osmotic shock to a cell, e.g. by 
agomsing or antagonismg ion chamiels wi&hx a ceH by the assodaJion of a 
magaetisable particle with a cell The use in this aspect of the invention is especially 
5 useful in the treatment or alleviation of a tomour cell, e.g. a cancer cell. 

Thus, the use may comprise the Idllmg of cells by holding ion channels open with a 
taigeted static magnetic field. Alternatively, the use may comprise the killiug of cells 
via cyclically opening and closiug ion channels, with a targeted, time- varying 
10 magnetic field. 

According to a yet further aspect of the invention we pro\dde the use of a 
magnetisable particle in the manufacture of a system for iuducing a ther:£?)eutic efiect 
in a cell which comprises agonising oi antagonising ipn channels within the cell by 
15 the association of a magnetisable particle with.fhe cell and magnetically manipulating 
the magaetisable particle. 

In addition we provide the use of a magnetisable particle in the manufacture of a 
system comprisiog a thor^eutically active agent which may be administeied 
20 shnultaneously, separately or sequentially with the magnetisable particle whilst 
agonising or antagonising ion channels within the cell. 

We also provide the use of a magnetisable particle in the manufacture of a system for 
targeting a therapeutically active agent to a cell which corrtprises agonising or* 
25 antagonising ion channels within the ceU by the association of a magnetisable particle 
with the cell, magnetically manipulating the magnetisable particle and 
simultaneously, separately or* sequjsatially administering the ther^euiically active 
agent. 
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According to a yet further- aspect of fte inventioii we provide a kit comprismg a 
diet^eutically active agent and means for associating a magnetisable particle with a 
ceU. 

5 It will be understood by the skilled that any conventionafly known therapeutically 
active agent or a conibination of therapeutically active agents may be utilised in the 
kit of the invention. 

Thus, the kit may corc^jrise a vessel contaioing a therapeutically active ag^t, a 
10 source of magnetisable particles and instructions for the simultaneous, sequential or 
separate administration thereof The kit of the invration inay also include other 
agexLts known per 6e . The invention may also include the use of a' kit as hereinbefore 
described ia the manu&cture of a medicament 

1 5 The invention will now be described by way of example only and with reffecence to 
the accompan3dng drawings in which Figure la) is a schematic representation of the 
structure of TREK-I showing the three sites of 12x histidine insertions for tagging 
magnetic beads for mechanical manipulation; 

Figur e lb) illustrates primary human astrocytes with membrane bound RGD coated 
20 carboxyl feiromagnetic particles (4|xm) (magnification x 1 000); 

Figure 2 is a schematic of the TREK ion channel showing structure and location of 
the BBs. tags pr esent in the potein Red circles indicate the sites of the His tags at the 
three sites, the primary loop, the COOH termimis and the NH terminus; 
Figure 3 is a r^iesentation of the magnetic activation of Trek-1 mointored via 
25 downstr eam changes in intracellular calcium; and 

Figiirie 4 is a representation of the magnetic activation of TRBK-1 induces transient 
rise in intracellular calciuni in HEK293 T cells co-transfected with and Flasl^ericam. 

Example 1 

30 Activation of TREK-l using magnetic cytometry 

The modified TREK-l gene was ftansvected into the human HEK. 293 cell line. 
Detection of plasmid transfection eflSciency was conducted by monitoring CDS 
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expiession using immmocytociemsitry, electxophysiology using whole cell 
recoidings and a fludiescent marker for membrane depolarisation monitored via 
confocal miciosoopy. Thiee regions of the molecule were tagged for esqperimental 
manipulation by insertion foi' a 12x histidine coding sequence as shown in Figure la. 
5 Functionalised, magnetic micro- and nano-paiticles were coupled to the cell 
maubrane using the 12x His antibody coatings to enable force to be applied to 
dififerent regions of the channel. Particles weie twisted by moving high-field laie 
earth magnets (NdPeB) magnets mfk surface flux density of up to 1 .4 Tesla, about a 
vertical axis near the cell culture. During this process, cells were monitored via 
10 phase contast micioscopy and con&cal microscopy. Electrical activity in cells were * 
mpnitoied using whole cell recoidin^^. 

Specific monoclonal antibodies raised to the three regions prior to histidine inseitions 
outlined above have been raised for tagging endogeuoxrs TREK, channels in vivo . 

15 

Example 2 

Non-spedfic membrane deEbrmation using magnetic cyfometty 
Biocompatible magnetic micro- and nanoparticles were coupled to the cell membrane 
(specifically with monoclonal antibodies to RGD containing peptides and collagen) 
20 to stretch genecalised. regions of the cell (Figure lb).. The toitjue applied to 
magnetically blocked particles deforms the cell membrane and activates nearby MS 
. ion channels foUo\^dng application of a range of magnetic fields. In addition, the 
cells weie biochemically assayed to determine whether reaction pathways are being 
initiated by magnetic twisting (e.g.. prostaglandin and extracellular rhatrix 
25 production), MS ion channel blockers such as gadolinium or arniloiide were added 
extracellularly to confirm whethec- the MS channels are iostrumeatal in any observed 
changes. 

Initial e3q)^iments employed fimctionalised magnetic microspheres (d=^ jam) 
30 available &om Spherotech. Inc, In addition magnetically blocked, ferite-doped silica 
nanoparticles with tunable size (d?=50-30Qnm) and narrow size distribution and 
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PVAAnagaetite nanoparticle-based fenofluids (d=4-lQnm) were syntfiesised. Highr 
field lare eaitJi magnets again were used to geaeiaCe the applied fields. 

Examples 
5 Magnetic activation in a 3D model 

The use of magaetic strategies foi spatially taigeted ion channel activation in a 3D, 
cell-seeded scaffold was investigated by applying a magnetic field across a ceU- 
seeded construct witJiin a bioieactor. The ion channels in the cells were activated 
wiflun the scaJBEbld and the long-tenn effects of this ion channel activation on matrix 
10 synthesis and cell proliferation assessed. Magnetic particle-based approaches, with a 
non-specific activation and a TREK-transfected bone and cartilage cell lined mpdel 
w^e used. 

Example 4 

15 Calcium channel activity foIIowiiLg attachment of magnetic particles to anti-His 
antibody 

COS-7 cells were co-transfected with FLASH-peticam and 6His, TKEKrl. Ijxm 
anti-His antibody coated si5)et-paramagnetic particles were then attached to flie 
20 surfeces of tiansfected cells and manipulated by the application of a magnetic field 
(750G). Flash peiicam was used to monitor changes in intracellular calcium activity 
following the magnetic activation and subsequent exposure to lOOpm Riluzole, a 
chemical activator of TREK-1.. 

Referring to Figure 3, COS-7 cells were co tiansfected with 'Flash* pericam and 
25 I2His..Trek-l - Red and yellow lines indicate the cells with magnetic particles 
attached. Gieen and White lines indicate the cells without magnetic particles 
attached. The Magnetic field q>plied for 1 sec - yellow arrow 
Application of 1 OOuM Riluzole to Ihe culture media - red arrow. 
Referring to Figure 4, Oiannel 1= Green = HEK293 cells wifli magnetic particle 
30 attached = white arrow indicates calcium response, Channel 2 demonstrates 
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movemeait of the partides attached to the cells following application, of ttie magnet 
(indicated by a ted anow).. 
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